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ABSTRACT
Aims. Globular clusters have been alternatively predicted to host intermediate-mass black holes
(IMBHs) or nearly impossible to form and retain them in their centres. Over the last decade
enough theoretical and observational evidence have accumulated to believe that many, if not all,
galactic globular clusters host IMBHs in the centres, just like galaxies do. The well-established
galactic bulge mass–black hole mass correlation suggests that GCs may lie on the same line
(and, as an example, globular clusters M15 and G1 fit the Mbh − σ correlation well).
Methods. Most of the attempts in search of the central black holes (BHs) are not direct and
present enormous observational difficulties due to the crowding of stars in the GC cores. Here we
propose a method of detection of the central BH that avoids these difficulties—the microlensing
of the cluster stars by the central black hole. If the core of the cluster is resolved, the direct
determination of the lensing curve and lensing system parameters is possible; if unresolved, the
pixel lensing technique can be applied.
Results. We calculate the optical depth to central BH microlensing for a selected list of galactic
globular clusters and estimate the average time duration of the events. We discuss self-lensing
and some details of the observational program.
Conclusions. IMBHs are the important issue in modern astronomy and we hope that using our
proposal the unamibigous detection (or otherwise) will be possible.
Key words. globular clusters: central black hole – globular clusters: microlensing – microlensing:
optical depth
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1. Introduction
Since the beginning of the modern-day astrophysics, globular clusters have been the
laboratory for observers, providing invaluable information and serving as models for
understanding stellar dynamics. In 1918 Harley Shapely used the distances to globular
clusters to find for the first time the centre of our Galaxy. Since the 1950s the ages of
globular clusters have been the lower limit on the age of the universe. And for already
thirty years astronomers have been searching for black holes in globular clusters. The
idea that centres of globular clusters host middle-mass (up to ∼ 103M⊙) black holes goes
back to 1970s (Frank & Rees 1976), and the attempts were made to detect them through
X-ray emission (Bahcall & Ostriker 1975). Hunting for globular-cluster black holes was
recognized as a task suited for HST’s exquisite resolution, which is needed for looking
close to a black hole. Recently, the idea was restimulated by the capability of Chandra
X-ray Observatory to resolve out sensitively the X-ray emission from the very centre
of globular clusters; searchers have been made for X-ray emission from the accretion
onto possible central black holes, but with only upper limits found (Grindlay et al. 2001;
Ho et al. 2003). The growing evidence that some/all Galactic globular clusters (GCs)
could harbour middle range (102 − 104M⊙) black holes, just as galaxies do, stimulates
the searches and the development of new methods for proving the existence of the middle-
range black holes.
2. Central black holes in globular clusters
2.1. Possible scenarios for the formation of central cluster’s black holes
Star clusters have long been suspected as possible sites for the formation of intermediate-
mass black holes (IMBHs). The self-gravity of a cluster gives it a negative heat capacity
that makes it vulnerable to the so-called “gravothermal catastrophe”: the core collapse
on a timescale proportional to the two-body relaxation time. The resulting central high
density may lead to black hole formation in various ways (Binney & Tremaine 1987). Lee
(1987) and Quinlan and Shapiro (1990) studied the importance of stellar mergers during
the core collapse. These can give rise to the runaway growth of a supermassive star, which
at the end of its life collapses to a black hole. It was shown (Portegies & McMillan 2002)
that a runaway merger among the most massive stars in the globular cluster leads to
the formation of an IMBH, provided that the core collapse proceeds faster than their
main-sequence lifetime. For a globular cluster that evolves in the Galactic tidal field
the corresponding present-day half-mass relaxation time would have to be 108 years
(van der Marel 2003). Many of the Milky Way globular clusters have half-mass relax-
ation times in the range 108 − 109 years, and some below 108 years (Harris 1996). So
this scenario may well be relevant for the Milky Way globular clusters. Another way for
the formation of IMBHs in globular clusters is through the repeated merging of compact
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objects, such as stellar-mass black holes, and though there are certain theoretical limita-
tions (van der Marel 2003), if a single ∼ 50M⊙ black hole were somewhere in the cluster
initially, it would sink to the cluster centre through dynamical friction and can slowly
grow in mass through merging with stellar-mass black holes (Miller & Hamilton 2002).
What about the fraction of clusters with IMBHs? Miller and Hamilton (2002) estimate
that clusters with central densities greater than ∼ 105 pc−3 have high enough encounter
rates to produce 102−104M⊙ black holes. In the Milky Way it would imply that roughly
40% of globulars could host such objects (Pryor & Meylan 1993).
2.2. Cluster Candidates
From the observational point of view, several lines of dynamical evidences exist. From
observations of the millisecond (ms) pulsars in NGC 6752 (D’Amigo et al. 2002), Ferraro
et al. (2003) concluded that the mass-to-light ratio in the core of this cluster is likely to
be M/L ≈ 6 − 7, much higher than for others globulars, and he finds that this implies
the presence of 1000− 2000M⊙ of underluminous matter within the inner 0.08 pc of the
cluster. NGC 6752 is interesting also because it has a pulsar at unusually large distance
from the centre, and it has been suggested that this pulsar may have been kicked there
through the interaction with an IMBH in the cluster core (Colpi et al. 2003).
Another development has to do with the rotation of the core, for which a possible ex-
planation involves an IMBH in a binary system with a stellar-mass BH. M15 is known to
have considerable rotation near the centre, which is not explained naturally by evolution-
ary models (Gebhardt et al. 2000), hence an IMBH of mass 2× 103 M⊙ is certainly not
ruled out (Gerssen et al. 2003). M15 has long been a focus of a discussions on IMBHs in
globular clusters and recently Gebhardt et al. (2002) modeled the HST velocity dispersion
data and inferred the presence ofM = 3.2×103M⊙ of non-luminous matter near the cen-
tre. The negative P˙ values of inner pulsars in M15 are consistent with the mass distribu-
tion implied by the stellar kinematics as well (Postnov et al. 1991; Gerssen et al. 2002).
A cluster similar in central density and short central relaxation time to M15 is M31
globular cluster G1, and from fitting HST data Gebhardt et al. (2002) reported the
evidence for an IMBH of 2 × 104M⊙ in the centre of G1. Thus, centrally peaked M/L
ratio may point towards possible presence of a IMBH in the centres of globular clusters.
Other possibilities for central IMBHs were suggested. Though one expects a central
black hole in a globular to be a faint source, due to the accretion it can produce a
notable emission in various bands, the most prominent perhaps being X-rays and radio
(Miller & Colbert 2004). Grindlay et al. (2001) observed 47 Tuc with Chandra and found
one unidentified X-ray source within a wander radius a ∼ 500M⊙ black hole.
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2.3. Summary
An extrapolation of the Mbh − Mbulge relation found for super-massive black holes
in galactic nuclei (Magorrian et al. 1998) leads to a prediction of a typical cen-
tral black hole a mass ∼ 103M⊙ for globular clusters (Kormendy & Richstone 1995;
van der Marel 1999). The discovery of a new class of ultra-luminous, compact X-ray
sources (ULXs) suggest that they might belong to a middle-range black hole systems,
rather than binaries containing a normal stellar-mass black hole (Zezas et al. 2002). From
the analysis of the central velocity dispersions of specific globular clusters (M15 and
M31’s G1) (Gerssen et al. 2002; Gerssen et al. 2003; Gebhardt et al. 2002) and from de-
tailed N -body simulations of the evolution of a young star cluster (Zwart et al. 2004) it
was inferred that intermediate-size black holes can reside in globular clusters.
None of these hints in itself carries enough weight to be convincing. However, being
so different in character and given the history of the question itself, it points to us
that we have to take the possible existence of central GC black holes seriously. Given
that whether globular clusters can grow intermediate mass black holes is an important
theoretical question, attempts to search for observational signatures are well motivated.
Several ways of detection have been suggested.
Optical observations of GCs. Most black holes affect the distribution function of the
stars, producing velocity and density cusps. Unfortunately, observations of these cusps
is difficult. Most of the typical dense globulars have the projected surface mass density
too high to be resolved easily with even the HST. And most of the stars in GCs are old
and dim. In addition, the radius of the influence of IMBH is much smaller than it is for
a supermassive BH; the typical velocity dispersion of a GC is ∼ 10 km/sec. Thus, at
a distance of 10 Kpc, a 103M⊙ black hole would influence orbits within ≈ 1
′′, making
observations difficult.
Detailed modeling of the ms pulsars distribution. The pulsar motion is governed by the
presence of the massive BH. The negative period derivative P˙ of some GC pulsars might
be explained as due to the acceleration by the mean gravitational field and can be used
to constrain the cluster mass distribution. However, other explanations, rather than the
central black hole, are possible (Ferraro et al. 2003).
Rotation in the core, for which a possible explanation involves an IMBH in a binary sys-
tem with a stellar-mass black hole. N-body models of globulars without massive compact
objects predict essentially no rotation in the cores of GCs.
Possible X-ray observations. Generally, one expects a central BH in globular to be a faint
and unidentified source, due to the lack of substantial amount of gas, and thus, very little,
or null, accretion luminosity. However, recently suggested observations of radio emission
from the low-luminosity IMBHs in GCs (Maccarone et al. 2005) may provide some hope
for detection.
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All these techniques are rather difficult to apply to black holes in globular clusters
and till now, mostly none gave the conclusive evidence.
Final (?) semi-direct method of detecting a central BH would be through the gravitational
microlensing.
3. Microlensing by a cluster central black hole
The BH in a GC center is a telescope with a lens of effective diameter ∼ 40 AU; a
rather massive BH in the centre of a GC may induce amplification of the light emitted
by a star situated behind it or amplification (lensing) of the PSR signal. We propose to
consider the lensing events that are expected when globular cluster star passes behind
the central black hole, which acts as a lens. Globular clusters are very advantageous for
microlensing search of IMBHs. Other searches for microlensing event have been perfomed
to find compact objects in the Galactic disk and halo by looking towards the Galactic
bulge and the Magellanic Clouds. Such programmes require the monitoring of a very large
number of stars over the area of several square degrees, and the determination of the lens
mass is uncertain because of the unknown distance and velocity of the lensing object.
In contrast, our suggested programme is directed towards globular clusters, where the
location of both potential lens and sources and their relative motions are well constrained,
removing the ambiguities usually presented in the microlensing events detected towards
the bulge and the Magellanic Clouds (Sahu et al. 2001). The same is true for distances,
since the source star is in the globular cluster, we can take the distance to the source to
be the same as that of the average system it belongs to.
The Galaxy has∼ 150 globular clusters, each containing∼ 104−105 stars to a limiting
magnitude of V ≤ 22. This gives a total of ≈ 106−107 stars to monitor and total optical
depth of, may be, a few for the whole system. The median duration of observed events
toward the bulge is 30 days (Alcock et al. 1997), while globular cluster microlensing event
timescales are much higher—up to years. The high spatial resolution of the HST permits
the monitoring of the central regions of some clusters (in M15 stars are resolved down to
0.3”; the central region of M22 was recently monitored by HST (Sahu et al. 2001)). And
though a significant fraction of stars in the inner parts of GCs will be unresolved with
the ground-based telescope, one can look for a pixel lensing (Crotts 1992).
3.1. Microlensing of stars in globular clusters
According to standard microlensing analysis when a background source is sufficiently
close to the line of sight of a lens of a mass m, its apparent brightness is increased at
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where umin is the impact parameter in terms of Einstein radius, tmax is the time at which
maximum amplification is reached, and tE is the time it takes the source to move across









where DS is the distance between the observer and the source, DL is the observer-lens
distance and DLS is the lens-source distance. The duration of the microlensing event tE





where σ is the velocity dispersion. The optical depth to microlensing is then the proba-




with n(x) number density of the considered distribution of sources.
We will distinguish two types of microlensing in the globular cluster: the microlensing
of the background stars by a central black hole and a self-lensing by stars.
3.2. Microlensing of stars due to the central black hole
The choice of globular clusters is explained in Sec. 3.4. As an example we show here
the details of calculations for M15 globular cluster, which is a very promising candidate
with the possible mass of the central black hole of 3.2 × 103M⊙ (Gerssen et al. 2002;
Gerssen et al. 2003). In the case when both source and lens are situated in the globular










We estimate the optical depth as the number of stars to be lensed by a central black





We will use the Plummer density profile for the mass distribution in globular clusters






where ρ0 is the central mass density and rc the core radius. For M15 the central mass
density is ρo ≃ 5.1× 10
6M⊙ pc
−3, the core radius is rc ≃ 0.2 pc (De Paolis et al. 1996)
and the number of microlensing events obtained N ≈ 1.3× 10−4. This means that if we
monitor the centres of about 104 globular clusters we have a chance to see a microlensing
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event already in progress. We will see however that the optical depth for most of the
clusters is less than that of M15, but not devastatingly less.
In order to have an estimation of the mean duration of events we obtain the mean
Einstein radius, dividing it by the velocity dispersion σ of the stars in the cluster centre.








where P (r) = dNevent/dr is the probability of a star being inside the Einstein ring of the
central black hole. For M15 the mean Einstein radius is 2.07 AU, and with the central





is tE = 300 days.
The calculated quantities for other globular clusters are listed in Table 1. We as-
sumed the mass of the central black hole as 103M⊙ for all candidates except M15
(see above), ω Cen (see Sec. 3.4) and G1 (where the reported number is 2 × 104M⊙
(Gebhardt et al. 2002)). This is motivated by the idea based on Mbh− σ correlation ex-
isting for galaxies. Crude estimate, using this correlation, for a typical galactic globular
with the dispersion of the order of 10 km/sec, gives the expected mass of the black hole
Mbh to be ∼ 10
3M⊙. We also assumed the mass of each cluster star, M∗, to be equal to
that of Sun.
3.3. Self-Lensing
In this section we estimate the microlensing of globular cluster stars by the stars in the
same cluster, the so called self-lensing. In this case each star can be both a lens and a
source, and thus the optical depth shall be integrated over the cluster. We can call this
optical depth an integrated optical depth.
The element of the optical depth for a layer of lenses residing at the distance between














× dNs(DLS) , (10)
where the first term is the Einstein radius, the second is the number of lenses per area and
the third term is the differential number of sources at (DLS, DLS + dDLS). For simplicity
we define new variables x = DOL/D and y = DS/D, where D is the maximum size to






× ρ(x)dx × dNs(y) , (11)
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where Ω is the solid angle at which we are observing. Substituting Eq. (12) into Eq. (11),



















y(y − x)dy . (15)











y(y − x)dy . (16)
As the first approximation we assume all the stars to have the same mass. From the
integrated optical depth calculation we see that, unlike the case where we put all source
stars at the background, here the optical depth depends on the mass of stars. For smaller
mass stars we get larger number of sources, which, consequently, increases the optical
depth.
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where MGC and LGC are the mass and the size of the globular cluster and M∗ is the
mass of the stars. We take GMGC/LGC from the virial theorem to be the typical velocity
dispersion, which is in the order of 10 km/sec, and assuming MGC ≈ 10
6M⊙ we obtain
the integrated optical depth τ ≃ 10−3. For the GC extended up to parsec scale, the
Einstein crossing time is of the order ten days.
3.4. The Choice of Globular Clusters
There are about 150 known globular clusters in our Galaxy, containing from thousands
to hundreds of thousands stars.
It has been widely believed that middle-range black holes in globular clusters can only
reside in the most centrally concentrated clusters, with a so-called core-collapsed density
profile. And, indeed, M15 and G1, where the detection of central black holes was tenta-
tively reported, are the some of the densest clusters and M15 has been long known as the
proto-typical core-collapsed cluster (Djorgovski & King 1986; Lugger et al. 1997). We in-
cluded in our sample all Galactic proposed core-collapsed clusters (Trager et al. 1995).
Safonova & Rahvar: Detection of IMBHs from microlensing 9
At the same time, in a recent study of Baumgardt et al. (2004) it was claimed that,
on the contrary, no core-collapsed clusters can harbour central black holes and one has
to look for the clusters that are fitted well by the medium-concentration King models
(outside the cluster core; inside the core, the profile is almost flat). That is why we have
included in our sample the candidates of Baumgardt as well. Both sets are emphasized
by a bold face number in the Reference column of the Table 1. It is obvious that the
discussion is not settled yet and clearly, no other way better than improving kinematic
and photometric techniques and devising new observational tests, like the one proposed
here, is available for resolving this long-standing issue.
We also included ω Cen, the most massive cluster in our Galaxy [few lines of evidence
exist for this cluster: it has been noted that high values of central velocity dispersion
in ω Cen suggest considering the presence of concentrated and non-luminous matter
in its core (Meylan & Mayor 1986); with the certain realistic assumptions about the
accretion rate the data from radio emission for ω Cen are marginally consistent with a
black hole of about 103M⊙ (Maccarone et al. 2005); and according to the most recent
report by ((Noyolla et al. 2006) and (Gebhardt 2006)), the central black hole with mass
of ∼ 4× 104 M⊙ is most probable to explain the velocity and surface brightness central
cusps]. As an example of an extragalactic cluster, we have also included the most massive
globular cluster of M31—G1, where the possible presence of a central black hole with
mass of 2×104M⊙ has been reported (Gebhardt et al. 2002). It has been suggested that
ω Cen, G1 and M54 are possibly nuclei of accreted galaxies (see (Mackey & Bergh 2005)
and Refs. within).
In the same manner we have included Ter 5, which is in the top list of the densest
clusters and possibly harbours the largest population of millisecond pulsars in the Galaxy.
Table 1 lists all cluster candidates with their catalogue names. We have also listed the
distance R⊙ to the cluster from the Sun, the central velocity dispersion σ, the logarithm
of the central concentration ρ0 (except those cases where the number is available), the
core radii in arcminutes θc and in parsecs rc. Core radii were transformed where it was
necessary into the physical units using the cluster distances. The next three columns
give the calculated quantities, optical depth Nevent, the mean Einstein radius 〈RE〉 and
the mean Einstein crossing time 〈tE〉. The last two give the cluster classification type
and the references to the data. There are three classification types following Mackey and
van der Bergh (Mackey & Bergh 2005), BD for bulge/disk clusters, OH for the old halo
clusters, YH for the young halo clusters; and SC stands for the stripped core of former
(now defunct) dwarf galaxies.
10 Safonova & Rahvar: Detection of IMBHs from microlensing
4. Discussion
4.1. Importance of IMBHs in cosmology.
At present, there is an unambiguous evidence for existence of stellar-mass black hole
(some dozen of objects are known, mostly with masses in the range 5 − 15M⊙) and
supermassive black holes (with masses 106−109M⊙, one of them in the centre of our own
Galaxy). However, the BHs in the range between the familiar classes, as yet unobserved
and unidentified, are of particular interest. IMBHs may contribute as much as Ω ≈ 0.02 to
the cosmic baryon budget. Their cosmic mass density could exceed that of supermassive
BHs (Ω ≈ 10−5.7) and the observations do not even rule out that they may account for all
the baryonic dark matter in the Universe (Ω ≈ 10−1.7) (van der Marel 2003). They have
the potential importance for astrophysics as well. They can be the source of recently found
ULXs, where one interpretation is that they are accreting objects onto IMBH with masses
in the range 15−1000M⊙. The other important point is that IMBHs might plausibly have
formed as remnants of the first generation of stars opulation III), presumably at redshifts
z ≈ 10−20 in peaks of the mass distribution (Madau & Rees 2001; Schneider et al. 2002).
4.2. Classification of globular clusters.
The last column of Table 1 lists the class of the globular cluster, following the scheme
first proposed by Zinn (Zinn 1993) and later developed by Mackey and van den Berg
(Mackey & Bergh 2005). The clusters are grouped according to both their metallicity and
horizontal branch (HB) morphology. The metal-rich GCs with [Fe/H]> −0.8 have red
horizontal branches and are spatially confined to the bulge and inner disk of the Galaxy;
they are designated bulge/disk (BD) objects. The halo-residing clusters are divided into
two subsystems. Objects for which the offset in HB-type at given [Fe/H] from a fiducial
line is greater than 0.3 (i.e., objects do not lie far to the red from the fiducial line)
constitute ‘old’ halo (OH) class, while those with offset less than 0.3 form the ‘young’
halo (YH) class. One more class is listed in Table 1, SC, which means that this globular
cluster is most probably (see (Mackey & Bergh 2005) and Refs within) a stripped core
of the former spheroidal or elliptical dwarf galaxy. We have chosen to list the class of the
GC together with the other data because it was interesting to see how different or similar
the two argued subsets of our candidate clusters (see Sec. 3.4) may be. It was quite an
inspiring suprise to find out that majority of the GC candidates belong to the OH/BD
group. Moreover, all SC clusters are also in our Table. [Out of ∼ 150 Glactic globulars
there are 37 belonging to a BD class, 70 to an OH class and 30 to a YH class].
The presently accepted paradigm is that YH clusters are not native members of our
Galaxy, but have been accreted in a number of minor merger events in a relatively recent
times (majority of YH clusters are∼ 3 Gyr younger than the majority of the OH clusters).
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They mostly, but not exclusively, reside in the outer halo. The OH clusters dominate the
inner Galactic halo. The large majority of OH/BD clusters are seen to be compact, while
YH group contains a significant fraction of extended, diffuse and low-luminosity clusters.
Both BD and OH populations have apparently been strongly modified by tidal forces
and bulge and disk shocks, so that these subsystems possess mostly compact, higher
luminosity and higher surface brightness clusters. A generic expectation is that clusters
closer to the Galactic centre will be more dynamically evolved, as tidal shocks accelerate
their internal evolution towards the core collapse or dissolution. Chernoff and Djorgovski
(Chernoff & Djorgovski 1989) found that collapsed clusters are highly concentrated to-
wards the galactic centre and plane. This trend continues for non-collapsed clusters, in
order of decreasing concentration.
Fig. 1. Rh vs MV for all Galactic globular clusters. The Baumgardt set is marked by red
asterisks; the CC set by green asterisks; the remaining clusters by blue triangles. The M31
globular cluster G1 is marked by a black asterisk, the measurement for its Rh is taken from
Barmby et al (Barmby et al. 2002). Above the slanted line the red asterisk marks ω Cen, the
green asterisk M54.
In Fig. 1 we show Rh, the radius that contains half of the cluster stars in pro-
jection, versus MV , the integrated luminosity, for all Galactic globular clusters, high-
lighting the separate sets of our GC candidates list by different symbols. The corre-
lation between cluster luminosity and half-light radius was established some time ago
(Mackey & Bergh 2005), though the discussion continues on whether this correlation ex-
ists only for clusters whose properties were not modified by external influences, that
is for only YH clusters. In Fig. 1 the Baumgardt set is marked by green asterisks, the
other candidates set by red asterisks and the remaining Galactic clusters are marked
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by blue triangles. Few important things can be noted from this Figure. As was already
stated in (Mackey & Bergh 2005), there is a sharp edge to the main distribution of the
clusters, and only 3 Galactic clusters lie above the upper envelope, plus an M31 cluster
G1, marked by a black asterisk. All of these, including the rather diffuse NGC 2419 (the
uppermost left blue triangle), belong to the SC class. Some clusters lie very close to this
line, 47 Tuc, M15, NGC 6388, and a cluster that is not from our candidate list, NGC
6441, one of the four brightest Galactic globular clusters. We can also note the clustering
of our candidates in a small area of the plot, indicating the region where lie the clusters
that are both tight and bright. It was noticed before (Gebhardt et al. 2002) that to the
extent that a massive, bound cluster can be viewed as a ‘mini-bulge’, it may be that every
dense stellar system (small or large) hosts a central black hole. Considering the results
on M15, G1 and ω Cen as true, it seems that there is little difference between the small
and large dense stellar systems (see Fig. 4 in Ref. (Gebhardt et al. 2002) and Fig. 2 of
(Zheng 2001), where these three globular clusters fit well the BH mass—velocity disper-
sion, Mbh − σ, and BH mass—bulge luminosity, Mbh −MB, correlations, respectively).
We also notice that as far as this distribution is concerned, there is no considerable dif-
ference between the Baumgardt and general candidates sets. It is also notable that there
is no correlation between Rh and MV for our candidates, again since inner galactic clus-
ters are supposed to be much more affected by the destructive external forces than YH
clusters, that reside at large Galactocentric distances. Possible relationship between Rh
and MV can be perhaps a relic of the cluster formation process. Taking into account the
above mentioned correlations, it is also possible that there may be some previoulsy un-
recognized connection between the formation and evolution of globular clusters, galaxies
and central black holes. As far as our Fig. 1 is concerned, we notice that it is possible
that the clusters that lie in the same region with our possible candidates may as well
be on the same list and that, obviously, dense and high-luminosity clusters are better
candidates for central black hole search than diffuse and low-luminosity ones. It is quite
possible that some sort of criteria may emerge with more studies on cluster formation,
for example, how significantly the evolutionary effects may influence the formation of the
cluster’s central black hole.
There is a marked lack of low-surface brightness and diffuse clusters in the inner
Galaxy and these are more vulnerable to tidal disruption. Loosely bound clusters are
indeed susceptible to strong evolution (Gnedin &Ostriker 1997), while compact clusters
are significantly more stable. The clusters that are reported by (Mackey & Bergh 2005)
to be on the verge of dissolution do not enter the tentative region of BH candidates on
the Fig. 1. It is tempting to speculate that it is worth to look at the dense, compact,
high-luminosity and old clusters (say, at the OH/BD clusters) for a central black hole,
while YH clusters will not have it. Though, of course, the conclusion is not final, as we
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know the YH cluster M15, which is a core-collapsed, bright cluster and is claimed to host
a central black hole (Gerssen et al. 2002; Gerssen et al. 2003).
Fig. 2. Rh, Rgc and MV plot for all Galactic globular clusters. The Baumgardt set is marked
by red asterisks; the other candidates set by green asterisks; the remaining clusters by blue
triangles.
It was claimed that correlation between Rh and MV can be explained due to the ap-
parent correlation between Rh and Galactocentric radius Rgc (van den Bergh et al. 1991;
Mackey & Bergh 2005). It was informative to consider the 3-D graph of Rh, Rgc andMV
for all Galactic globular clusters (Fig. 2), highlighting our sets as in Fig. 1. Same cluster-
ing is observed, strengthening the conclusions drawn from the Fig. 1. Both argued sets
are concentrated in one region of the plot. However, as far as Rh−Rgc plot is concerned,
the correlation is more prominent for the general clusters, while for our selected candidate
list the clusetr size appears to be uncorrelated with the distance (Fig. 3).
4.3. Selection of targets
Ideally, we would have been monitoring all ∼ 150 Galactic globular clusters. However,
we can see that even in our selected candidates list the optical depth varies considerably.
Besides, the tentative result of Sec. 4.2 show that it might be useless to look for central
black holes in diffuse, faint and far away clusters. Moreover, in PCC clusters, if we take
into account the mass segregation effect, and/or a mass distribution law more concen-
trated towards the centre, a r−7/4 profile, the lensing rate increases. For example, for
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Fig. 3. Log Rh vs log Rgc for all Galactic globular clusters. The Baumgardt set is marked by red
asterisks; the other candidates set by green asterisks; the remaining clusters by blue triangles.
nearby 47 Tuc, NGC 6397, and NGC 6752 it would nearly double (14.8×10−6, 7.9×10−6
and 2.6× 10−6, respectively).
Assuming the threshhold optical depth for chosing the observational targets as 1 ×
10−6, we plot in Figure 4 the dependence of the optical depth on core radius and central
density. We can see that in order to have larger optical depth, a cluster has to have either
large core radius or/and large central density, though the optical depth rises faster with
the central density rather than the core radius. According to this, we can have a criteria
by which to choose the clusters for our observational program.
Fig. 4. Dependance of optical depth (Tau) on central density and core radius
Safonova & Rahvar: Detection of IMBHs from microlensing 15
4.4. Observational strategy
Since the average duration is up to years, we can monitor with the frequency of once a
week or even once a month. The advantagesof such strategy are few. For example, we
can easily distinguish the central BH ML event from that of
variable stars. The periods of some variable stars in GCs are short, and the light curves
are very specific. For example, RR Lyrae stars have periods less than a day, and contact
(eclipsing) binaries only twice as long. Moreover, metal-rich clusters generally have few or
none RRLs. LPVs have changes in the interval of less than ten days (Pritzl et al. 2001).
Other variable stars are cataclysmic variables, such as classical novae and dwarf novae,
can be easily excluded, as none of CV are known to have an orbital period longer than
six days. Moreover, lack of colour variation and relatively low aplitude of luminosity
variation for classical novae would definitely make them stand out of the achromatic and
high-amplitude microlensing event.
Supernovae. Globular clusters are known to have a serene X-ray environement due to the
lack of the supernovae.
Background stars. For example, stars belonging to SMC, behind the 47 Tuc are faint and
require at least 4 meter telescope to observe (Paczynski et al. 1994). M22 is seen on the
background of Galactic bulge, however, since we propose to monitor only the cores of
clusters, no background stars can be detected within the core radius. Hense, any lensing
event detected will be due to the stars within the cluster.
Self-lensing events may present a challenge, being marginally comparable on time-
scales with the central events. The detailed modeling of the self-lensing with the realistic
mass distributions in a cluster is required and will be tackled in the following reports.
5. Conclusion
Determining whether globular clusters contain IMBHs is a key problem in astron-
omy. In this paper, we have outlined the technique for using the microlensing to de-
tect the GCs central black holes. Following the globular clusters classification scheme
(Mackey & Bergh 2005), we also came to the tentative conclusion that some classes pos-
sess characteristics which indicate that they are more likely to be the ones to look for the
central black hole. The OH, BD and SC clusters are the most likely ones. Our suggested
monitoring strategy of once a month observations will easily eliminate contamination by
the other events from the Galactic microlensing of the globular clusters stars. It was long
proposed (Rhoads & Malhotra 1998) to use the nearly spherical spatial distribution of
GCs as a probe of Galactic structure; the duration of these events will be of the usual
halo ML range ∼ 30 days. Another possible source of contamination might have been
the lensing of the background stars (in SMC or Galactic bulge) by the compact objects
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belonging to the globular cluster, suggested by Paczynski (Paczynski et al. 1994). This
also is not a problem, since that kind of lensing is only possible in the outskirts of the
GC as no background stars can be detected within the core radius, and the duration of
the event would be, again, ∼ 30 days or even shorter.
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Table 1: Globular cluster candidates for the central black hole; data
and classifications
Cluster Other CC♣ R⊙ σ Core radius log ρ0 Nevent 〈RE〉 〈tE〉 Class Refs
name Kpc km/s θc (rc, pc) M⊙ pc
−3 10−6 AU days
NGC 104 47 Tuc c? 4.5 11.6 23.1′′(0.6) 1.0× 105 9.3 2.01 300 BD 3
NGC 362 c? 8.6 6.4 0.19′(0.52) 3.3× 104.7 9.2 1.87 507 YH 4,8,9,10
NGC 1904 M79 c? 13.0 5.2 0.16′(0.66) 4.2 1.42 2.1 704 OH 4,8,10
NGC 5139 ω Cen 5.2 19.6 2.4′(3.6) 1.4× 103.5 8.4 4.9 436 SC 6,8
NGC 5272 M3 10.4 4.8 0.55′(1.26) 3.5 1.02 2.9 1053 YH 1,5,8,10
NGC 5286 11.3 8.6 0.29′(0.95) 4.3 3.7 2.53 510 OH 2,5,8,9
NGC 5694 34.7 6.1 0.06′(0.6) 4.3 1.48 2.01 572 OH 2,5,8,9
NGC 5824♠ c? 32.0 11.1 0.05′(0.20) 5.3 1.64 1.16 183 OH 2,5,8,9
NGC 5904 M5 7.5 6.5 0.42′(0.89) 4.0 1.6 2.4 654 OH 1,5,8
NGC 5946 c 10.6 4.0 0.08′(0.25) 4.8 0.8 1.3 563 OH 4,5,8
NGC 6093 M80 10.0 14.5 0.15′(0.24) 5.4 2.97 1.3 152 OH 2,5,8,9
NGC 6205 M13 7.7 7.1 0.78′(1.75) 3.4 1.6 3.4 840 OH 1,8
NGC 6256 c 8.4 6.5 0.02′(0.05) 6.6 2.04 0.6 155 BD 4,8,11
NGC 6266 M62 c? 6.9 15.4 0.18′(0.20) 5.7 4.1 1.16 130 OH 1,2,5,8
NGC 6284 c 15.3 6.8 0.07′(0.312) 5.2 3.16 1.45 370 OH 4,5,8,9
NGC 6293 c 8.8 8.6 0.05′(0.128) 6.3 6.71 0.9 187 OH 4,5,8,9
NGC 6325 c 8.0 6.4 0.03′(0.07) 6.7 5.04 0.69 186 OH 4,5,8,9
NGC 6333 M9 c 7.9 7.59 0.58′(0.91) 4.087 2.1 2.5 566 OH 4,9,10
NGC 6342 c 8.6 5.2 0.05′(0.125) 5.4 0.8 0.91 306 BD 1,4,5,8
NGC 6355 c 9.5 4.98 0.05′(0.14) 4.429 0.11 0.97 338 OH 4,9,10
Ter 2 HP3 c 8.7 3.2 0.03′(0.31) 4.261 0.4 1.45 784 BD 4,9,10
HP 1 c 14.1 6.35 0.03′(0.58) 4.329 1.5 2 540 OH 4,9,10
Ter 1 HP2 c 5.6 2.04 0.04′(0.3) 3.891 0.14 1.42 1209 YH 4,9,10
NGC 6380 Ton1 c? 10.7 6.27 0.34′(1.05) 4.4× 104 9.95 2.65 736 BD 4,9,10
NGC 6388 10.0 18.9 0.12′(0.20) 5.7 4.1 1.16 106 BD 2,8,9
NGC 6397♠ c 2.4 4.5 0.05′(0.2) 5.68 c 3.93 1.16 447 OH 1,2,8,9
Ter 5 10.3 11.76 0.18′(0.54) 6.38 143.4 1.9 281 BD 1,4,10
NGC 6453 c 9.6 6.88 0.07′(0.2) 4.504 0.26 1.16 293 OH 4,9,10
Ter 6 HP5 c 9.5 7.11 0.05′(0.31) 4.977 1.9 1.44 352 BD 4,9,10
NGC 6522 c 7.8 7.3 0.05′(0.11) 6.1 3.1 0.86 204 OH 1,4,5,8
NGC 6540♥ Djorg3 c? 3.7 6.0 0.03′(0.03) 1.74× 105 0.03 0.5 130 OH 1,2,8
NGC 6541♠ c? 7.0 8.2 0.3′(0.13) 5.5 1.1 0.93 270 OH 1,2,8
continued on next page
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Table 1 – continued from previous page
Cluster Other CC♣ R⊙ σ Core radius log ρ0 Nevent 〈RE〉 〈tE〉 Class Refs
name Kpc km/s θc (rc, pc) M⊙ pc
−3 10−6 AU days
NGC 6544 c? 2.7 5.89 0.05′(0.04) 5.73 0.2 0.51 153 OH 1,4,9,10
NGC 6558 c 7.4 3.5 0.03′(0.07) 5.6 0.4 0.69 340 OH 4,5,8,9
NGC 6624 c 7.9 5.4 0.06′(0.14) 5.6 1.6 0.97 312 BD 1,4,8
NGC 6642 c? 8.4 3.86 0.1′(0.244) 5.244 2.15 1.28 576 YH 4,9,10
NGC 6681 M70 c 9.2 5.1 0.03′(0.08) 6.5 4.2 0.74 249 OH 1,4,8
NGC 6715♠ M54 26.3 14.2 0.11′(0.84) 5.0 14.5 2.37 290 SC 1,2,8
NGC 6717 Pal9 c? 7.1 3.72 0.08′(0.13) 5.134 0.5 0.94 436 OH 4,9,10
NGC 6752 c 4.0 4.9 0.17′(0.2) 5.2 1.3 1.16 411 OH 1,4,5,8
NGC 7078 M15 c 10.3 12 0.07′(0.2) 7× 106 134 2.07 300 YH 1,4,7
NGC 7099 M30 c 8.0 5.8 0.06′(0.14) 5.9 3.2 0.97 290 OH 1,4,8
G1† c? 889 27.8 0.14′′(0.52) 1× 107 8518 8.37 522 SC 8,12
The data in this table is a compilation from various published datasets. Where it was
possible, we chose the latest available references.
Footnotes to the Table 1.:
♣ CC:c=post-core-collapse morphology; c?=possible p.c.c.











with P ≈ 2 (Ref. 13 below) andM/LV = 1.1±0.6 (Cote 1999). The other values for this
formula were taken from Harris’s catalogue (see Refs. to the Table 1).
♠ Not likely to host a black hole, according to Baumgadrt, belongs, however, to the CC
set.
† The latest revised data for ρ0 was corresponded by K.Gebhardt at IAU GA XXVIth,
Joint Discussion, Prague, 2006.
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